Variability in quantitative characters of oats (Avena sativa) induced by recurrent matagenesis by Joshi, Sujankumar Narendrakumar
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1967
Variability in quantitative characters of oats (Avena
sativa) induced by recurrent matagenesis
Sujankumar Narendrakumar Joshi
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Joshi, Sujankumar Narendrakumar, "Variability in quantitative characters of oats (Avena sativa) induced by recurrent matagenesis "
(1967). Retrospective Theses and Dissertations. 3162.
https://lib.dr.iastate.edu/rtd/3162
This dissertation has been 
microiihned exactly as received 67-8917 
JOSHI, Sujankumar Narendrakiunar, 1931-
VARIA.BILITY IN QUANTITATIVE CHARACTERS OF 
OATS (AVENA SATIVA) INDUCED BY RECURRENT 
MUTAGENESIS. 
Iowa State University of Science and Technology, 
Ph.D., 1967 
Agronomy 
University Microfilms, Inc., Ann Arbor, Michigan 
VARIABILITY IN QUANTITATIVE CHARACTERS OF OATS 
(AVENA SATIVA) INDUCED BY 
RECURRENT MUTAGENESIS 
by 
Sujankumar Narendrakumar Joshi 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject* Plant Breeding 
Approved: 
In Charge of or yjor 
eaa of IfJa tmen
Dean of S ite College 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1967 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
il 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
REVIEW OF LITERATURE 3 
MATERIAL AMD METHODS 14 
RESULTS 22 
DISCUSSION 71 
SUMMARY 78 
LITERATURE CITED 80 
ACKNOWLEDGEMENTS 89 
1 
INTRODUCTION 
Mutations of genes and chromosomes are considered to 
provide a primary source of the genetic variability which per­
mits evolution to occur in crop plants. A second source of 
genetic variability which enhances evolution is natural hy­
bridization which leads to genetic recombination. Plant 
breeders rely to a great extent upon the polymorphism that 
exists in natural populations, but often times they turn to 
wild populations for valuable genetic traits which can be 
transferred from primitive ancestors to present day cultivars. 
A new era was opened when Muller (1927) and Stadler (1930) 
showed that X-irradiation could enhance the process of 
mutation and that induced mutations might become important 
in plant breeding. MacKey (1951) and Gregory (1955) ex­
tended this work by showing that significant mutation also 
occur in polygenic characters. 
The mutagens most widely used comprise two groupst 
(a) irradiations and (b) chemicals. Probably the modes of 
mutagenesis of irradiations and chemicals are different; 
the irradiations primarily cause a high degree of breakage 
of chromosomes (leading to aberrations), whereas chemicals 
are more likely to cause few breakages, but many molecular 
alterations. 
This study was conducted tot 
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(a) ascertain the degree of genetic variability 
generated from successive-generation treatment with 
ethyl methanesulfonate and thermal neutrons applied 
to seeds in recurrent and alternate doses, upon the 
three quantitatively inherited traits, heading date, 
plant height and weight per 100 seeds. 
(b) determine whether there exists a point of mutation 
saturation due to recurrent mutagenesis. 
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REVIEW OF LITERATURE 
In the late 1920's, Wuller (1927) and Stadler (1930) re­
ported that X-rays caused high mutation rates. Since then, 
other ionizing irradiations such as thermal neutrons have 
also been found to cause a high mutation rate. 
The first case of a chemical acting as a mutagen was 
presented by Auerbach et al. (1947) who found that mustard 
gas was as effective as x-rays when applied to Drosophila, 
and since then a wide array of chemicals have been found 
to increase mutation rates in plants. Ashri and Golden (1965) 
used diethylsulphate (DES) on two peanut varieties and the 
resulting populations were studied through generation. 
DES was an efficient mutagen for peanuts despite amphiploid 
nature of this species. Most of the mutants segregated on 
a monogenic basis. Using peas, Blixt et al. (i960) re­
ported that the mutation rate from ethyleneimine (El) 
treatment was nearly six times greater than that from x-ray 
treatment. The spectrum of mutations induced by ethyl 
methanesulfonate (EMS) in Arabidopsis thaliana varied 
with the concentration of the chemical according to McKelvie 
(1962). Shamarao and Sears (1962) concluded that EMS- in­
duced mutations in hexaploid wheat were brought about through 
alkylation of the guanine component of DNA. Abrams (1962) 
arrived at the same conclusion using hexaploid oats. 
Recently, Heslot et al. (1961) reported that EMS 
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produced up to 31.3% of chlorophyll mutations in barley, 
whereas thermal neutrons produced only 1 , 2 % ,  
Caldecott et al. (195%^, D'Amato et al. (1962), 
Ehrenberg et al. (1953), Ehrenberg and Nybom (1954), 
Gustafsson and WacKey (1948) and lïlacKey (1951) found that 
neutrons and x-rays produced different effects upon treated 
barley seeds and the resultant seedlings in physiological 
properties such as seed germination and seedling growth and 
in genetic properties such as sterility. Thermal neutrons 
induced more aberrations and mutations with less killing 
than did x-rays and mutation frequencies in M2 were several 
times greater from neutron irradiation. They concluded 
that x-rays and neutrons both acted directly on the chro­
mosome material, but x-rays exerted "physiological damage" 
to other cell parts. 
Ehrenberg et al. (1958) working with barley seeds, 
found that EI was three to five times more mutagenic than 
x-rays. They conceived that, in general, the alkylating 
(radiomimetic) agents exerted their biological action by 
attacking the phosphate groups of the DNA. 
Ehrenberg et al. (1959, 1961), Froese-Gertzen et al. 
(1964), Gustafsson and WacKey (1948) and Heiner et al, (i960) 
concluded that chemical mutagens generated higher mutation 
frequencies in barley than did irradiations. Also, chemical 
mutagens gave lower seedling lethality and less persistant 
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sterility. The mutation spectra were different from chemical 
and irradiation mutagens. Similar results were reported by 
Khrostova et al. (1963) for wheat, and Westergaard (1957) 
and Loveless and Houiarth (1959) for bacteria. Using diploid 
oats (Avena striqosa), Dyck (1964) found DES and x-rays 
produced similar mutation frequencies and spectra of chlora-
phyll mutations. 
Favret (i960) reasoned that, in general, chemicals 
cause heterochromatin abnormalities and since genes are 
localized in the heterochromatin this would explain the 
selective mutagenicity of certain chemicals. On the other 
hand, the genetic consequences of the ionizing radiations 
are deficiencies and duplications, etc. which occur at 
random along the chromosomes. 
For the same seedling survival value, Koo (1962) 
found that thermal neutrons were more effective than 
x-rays for producing mutations in both diploid and hex-
aploid oats. Lundqvist and von Wettstein (1962) repor­
ted that loci react differentially to ionizing radiations 
and chemical mutagens. EI and EMS were more efficient 
for inducing eceriferum barley mutants than were irradiations, 
and densely ionizing irradiations were nearly 20 times more 
effective than the sparsely ionizing ones. 
Various pre- or post-mutagenic treatments of the seed 
have an effect upon the frequency and array of mutants 
6 
obtained (Gustafsson and Nybom, 1949; Smith and Caldecott, 
1948; Cervigni and Scaracia, 1961; Caldecott and Smith, 1952; 
Santos, 1965; Haaring, et al., 1964). Wallace (1965) con­
cluded that any treatment that makes the chromosomes more 
radiosensitive will increase the mutability of genes more 
quickly than the radiosensitivity of chromosomes themselves. 
D'Amato and Gustafsson (1948) observed that any chemical 
pre-treatment of barley seeds amplified the mutation rate 
from x-irradiation, but Gustafsson and Nybom (1949) found 
no enhancement of mutation rates from pre-treatment with 
colchicine. In a study by Lund and Glover (1964), maize seeds 
had different sensitivities to EI, EMS, DES and diepoxybutane, 
and the average increase in mutation rate for all chemical 
treatments was 28^. 
A number of extraneous factors, such as moisture content 
of seeds (Abrams and Prey, 1957; Caldecott, 1954, 1956; 
Caldecott and North, 1961; Ehrenberg et al.» 1953; Ehrenberg 
and Nybom, 1954; Konzak, 1957; and Wallace, 1959), type of 
irradiation atmosphere (Caldecott, 1956; Ehrenberg et al., 
1953; Konzak, 1957), seed size and covering (Gonzalez, 1957; 
Gonzalez and Prey, 1959), have been shown to influence rates 
and types of mutations obtained through mutagenesis. 
Sometimes a mutation is not expressed unless placed 
into a proper genetic background. Loesch (1964) hybridized 
inter se five x-ray induced morphological mutants that 
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(Xy generation) descended from a uniform variety of peanuts. 
Each mutant was also crossed to the original variety, NC^. 
Mutant F2 plants of a common phenotype extracted from mutant 
X mutant families and from mutant x control families were 
compared in the Fg generation. Except in a few instances, 
the mutant plants, among and within Fg lines, differed 
significantly for all the seven traits that were measured, show­
ing that genetic background affected the mutation expression. 
Also with peanuts, Emery et al. (1964) separated the mutated 
background genotype of a line which carried a deleterious 
mutation from the deleterious-mutant locus by hybridizing 
five such mutant lines in a diallel series. From these 
crosses, a series of lines which did not carry any deleterious 
mutants were isolated. They found significant genetic 
variances among non-mutant F^ lines within crosses. The 
populations also showed response to selection, indicating 
that the deleterious-mutant lines contained unexpressed 
background mutations. Emery et al. (1965) proposed that 
even though an induced macro-mutant may be deleterious in its 
present form, the diversified genetic background created by 
irradiation could be a valuable new source of stabilized 
germ plasm. 
Caldecott and North (1961) proposed to utilize chromosomal 
aberrations and/or mutant diploidizing genes to produce 
normal diploid meiotic behavior in autotetraploids of 
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barley, and to Fix the heterotic advantage of "heterozygosis 
between homeologous loci" in polyploids via recurrent 
irradiation. After five cycles of irradiation no strain with 
the desired vigor was obtained, but the variability for 
quantitative characters was significantly increased. 
Two mutagens acting in sequence may produce more than 
additive mutation frequencies if one of them makes previously 
protected mutation sites susceptible to the second mutagen. 
However, if two mutagens compete for the same sites, or if 
the effects are independent, the mutation frequencies from 
their sequential action should be no more than additive. 
Arnason et al. (1963), using sequential treatment with EMS 
and El on barley seeds, found that 0,B% EMS solution for 4 
hours gave 17% M^ spike mutations, and 0.1% EI solution for 
4 hours gave 1A% M^ spike mutation; the combined effect of 
the mutagens used sequentially resulted in more than additive 
effect, giving 37% to 44% M^ spike mutations. 
Montschen (1960, 1963) treated Vicia faba seeds with 
x-rays and myleran. The latter inhibited most chromosome 
bridges, and when copper or zinc sulphate was added to EMS 
solution, a very high rate of chromosomal aberrations 
occurred. A decrease in yield of chromosomal aberrations 
in root meristems of bread wheat was reported by Swaminathan 
and Natarajan (1959) when irradiated seeds were given a pre-
treatment with ultraviolet radiation. However, in the Xg 
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generation, the mutation rate for the combined treatment was 
lower than X-ray alone when light ultraviolet doses were used 
but higher with heavy doses. 
Interactions between ionizing radiations and chemical 
mutagens were synergistic in Drosoplila melanoqaster sperm­
atozoa according to Oster (1958), He postulated that the ends 
of any two broken chromosomes healed together irrespective 
of whether the breaks were caused by x-rays, mustard gas, or 
urethane. Shankel (1963) found a synergistic effect on 
mutation rates of coli cells from combined treatment with 
ultraviolet and caffeine type compounds, but synergism was 
not apparent from combined treatments with x-rays and 
chemicals. Similarly, Klein and Klein (1962) reported 
absence of interaction between nitrogen mustard and visible 
radiation (red or far red) in Neurospora crassa. 
The use of mutagens to increase genetic variability 
for characters governed by polygenes was pioneered by 
Gregory (1955, 1956a, 1956b) working with peanuts. He 
found that (Gregory, 1955) the mean yield of the normal 
appearing progenies from irradiated plants was substantially 
reduced, but the genetic variance among the families from 
irradiated seeds was nearly four times that among the control 
families. Later, Gregory (1961) reported that additional 
genetic variance was induced by irradiating hybrids. 
Jalil Miah and Yamaguchi (1965) suggested background 
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genotype affected the manifestation of mutated characters in 
rice, and that the most desirable variants occurred from 
irradiation of hybrid seeds. 
Oka et al. (1958) x-rayed rice seeds and produced 
equivalent variability in both plus and minus directions for 
plant height and heading date without altering the means of 
these traits, Kao et al. (I960) reported substantial in­
creases in genetic variation for heading date, plant height 
and panicle length following x-irradiation of rice. They 
suggested allowing a generation of selfing before selection 
so that natural elimination of unadapted mutants would occur. 
(Klatsuo and Onozawa (1961) and Matsuo and Yamaguchi (1962) 
applied x-rays, thermal neutrons and diepoxybutane to seeds 
and found that variability was increased for stem length and 
grain weight, but mean values remained unchanged. For several 
quantitative characters in rice, Sakai and Suzuki (1964) ob­
tained increases in genetic variation among lines of an 
irradiated population; mutations of the polygenes were, in 
most cases, unidirectional in a minus direction. 
From the irradiation of soybeans with x-rays and 
neutrons, Rawlings et al. (1958) obtained significant in­
creases of genetic variability for plant height, maturity, 
yield and seed weight. A significant increase in variability 
for oil and protein contents of seeds was also found in 
these populations (Williams and Hanway, 1961), and Papa et al. 
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(1961) made genetic advances from selection for most 
characters. 
With oats, Krull and Frey (1961) found that genetic 
variability for heading date, plant height and weight of 
100 seeds from thermal neutron irradiation and hybridization 
uias equally heritable. The means for irradiation derived 
populations shouted a small but significant shift, but no 
skewness was notice, indicating that mutations occurred in 
both negative and positive directions with equal frequency. 
Abrams and Frey (1964) reported that genetic variability 
generated for plant height and heading date in oats by thermal 
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neutrons, P and EMS was unidirectional from the check 
mean with the mutants being later and shorter. Okabe et al» 
(1963) showed that the mean seed weight (primary as well as 
secondary) of a neutron-derived population of oats was 
significantly higher than the mean of control population. 
However, upon analyzing the components of groat weight 
only the mean width of primary groats was increased sig­
nificantly, 
Bhatia and Swaminathan (1962) studied ^2 and pro­
genies of bread wheat from x-ray and g-particle irradiation 
and reported that the variance for plant height and number 
of ear-bearing tillers was increased by the irradiation 
treatment. The variance was higher in Mg than in Mg. 
Bagnara (1965) treated the hard wheat variety "Capelli" 
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with x-rays, fast neutrons or EMS and measured the genetic 
variance, heritability and expected gain from selection of 
several quantitative traits in Genetic variance was 
increased by all treatments. Brock and Latter (1961) found 
similar results using x-ray and thermal neutrons on sub­
terranean clover, and Basu (1966) isolated two early vari-
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eties of Corchorus olitorius from x-ray and P derived 
populations. 
Scholz (1960) isolated an induced barley mutant with 
naked kernels from Haisa. This mutant yielded about 90 to 
91 percent as much as Haisa, but from the irradiation of 
this mutant, a new mutant was found which yielded 98 percent 
as much as Haisa and also was 7 to 8 days earlier. The 
net grain yield of the newest mutant was greater than that of 
the mother variety because it was hulless. Swaminathan (1961) 
practiced recurrent irradiation using x-rays (36000r) in 
Gossypium arboreum and £. hirsutum. In £. hirsutum a large 
number of mutations were obtained from the second cycle of 
irradiation while in arboreum the recurrent irradiation 
had no effect on mutation frequency or array. 
Khadr and Frey (1965) reported that a second thermal 
neutron irradiation treatment did not generate as much 
genetic variability as the first one in hexaploid oats. 
They found that the variance for heading date was approaching 
a maximum with three cycles of irradiation, but for seed 
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weight and plant height it continued to accumulate through 
four cycles. Tomaszewski (1966) showed that the frequency of 
mutants increased in each of two cycles of irradiation 
treatment but not with a third cycle because of accumulative 
lethality. 
Frydenberg (1965) concluded that recurrently irradiated 
material was more radiosensitive than non-irradiated 
material. Kivi (1965) found that the fertility of the Mg 
was similar whether derived from materials that had been 
irradiated once or twice. He suggested that the 
generation could be divided into two lots on the basis of 
fertility and the more fertile part could be re-irradiated 
for increasing mutation rates. 
A number of commercial varieties of crops have been 
developed and released through mutation breeding* 
Primex white mustard - Anderson and Olson (1954) 
Pallas barley - Borg (1958) 
Stralart peas - Gustafsson and Tedin (1954) 
Sanilac navy bean - Down and Andersen (1956) 
i NC^X peanut - Gregory (i960) 
Florad oats - Chapman (1961) 
Alarao-x oats - Atkins (1962) 
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MATERIAL AND METHODS 
I used samples of oat seeds from three populations 
generated by Abrams (1962). He treated seeds of the oat 
variety Clintland 60 with thermal neutrons (TN) and ethyl-
methane sulfonate (EMS) in 1960, For his study, he generated 
3 populations of 300 strains each, one from the check, one 
from the TN treatment and one from the EMS treatment. The 
lines in these populations were grown in the M3 in a field 
experiment in 1962, and measured for heading date, plant 
height, and weight per 100 seeds. 
The strains from Abrams' experiment were sampled in two 
ways to provide populations of seeds to initiate my study. 
For the first sampling method I selected one random seed 
from each of the 300 strains that comprised one Abrams' oat 
population. The 300 seeds from one population (i.e., treat­
ment - check, TN, or EMS) were composited to give a 
population for my study. Three such 300-seed composites 
were made from Abrams* check strains, three from the TN-
derived strains, and three from the EMS-derived strains; thus 
I had nine populations (300-seed composites), hereinafter 
referred to as bulks, from this sampling method. 
For the second sampling method I selected 20 random 
seeds from each of the 15 heaviest seed-weight strains from 
one of Abrams' oat populations. The 300 seeds (15 lines x 20 
15 
seeds per strain) from one population treatment (i.e., - TN or 
EMS) were composited to give a population for my study. Selec­
ted strains from check population were not sampled since 
this population contained no genetic variability. Three 300-
seed composites were made from the selected strains from 
Abrams* TN-derived strains and three from the EMS-derived 
strains; thus, I had six populations (300-seed composites), 
hereinafter referred to as selected, from the second sampling 
method. In total, my 15 populations consisted of 3 composites 
from each of five sources (Table 1); (a) TN bulk, (b) TN 
selected, (c) EMS bulk, (d) EMS selected, and (e) untreated 
bulk. 
In 1964, one composite from each source was treated 
with TN, one was treated with EMS and one was carried un-
1 13 
treated. The TN dosage I used was 2.03 x 10 neutrons 
per square centimeter ± 15 percent given over a period of 
8 hours. For the EMS treatment, the seeds of a composite 
were de-hulled by hand, soaked for 30 minutes in distilled 
water, immersed in 0.12M EMS solution for four hours and 
rinsed in tap water. One hundred cc. of EMS solution was 
used for each 300-seed composite. 
The seeds of all the treatments (i.e., EMS, TN and check) 
^The radiation treatment and dosage were conducted 
under the direction of Dr. J, P. Mickche, Department of Biolo­
gy, Brookhaven National Laboratory, Upton, L. I., New York. 
Table 1. Sources of and treatments given to oat seed lots used in this study 
Population in 
1962 
(Abrams) 
Composited 
as 
Treatment 
in 1964 
Generations in Population 
designation 1964 1965 1966 
M4M1 M5M2 WgMj TN-TN(B) 
M5M2 TN-EMS(B) 
W4 Ms Me TN(B) 
"5^2 M6M3 TN-TN(S) 
M^iïll W5W2 MfiMj TN-EMS(S) 
M* Ms M6 TN(S) 
TNfms) 
Bulk of 
1 seed X 300 lines 
Selected 
20 seeds x 15 lines 
TN 
EMS 
TN 
EPOS 
TN m^Mi M5M2 M6M3 EmS-TN(B) 
Bulk of 
1 seed X 300 lines EMS M4M1 M5M2 M6M3 EMS-EMS(B) 
- M4 Ms Me ems(b) 
TN M4M1 M5M2 MgMg Ems-TN(s) 
Selected 
20 seeds x 15 lines EMS M4MI M5M2 MeMg EMS-EMS(S) 
- «4 Ms Me Ems(s) 
Table 1. (Continued) 
Population in 
1962 Composited Treatment Generations in Population 
(Abrams) as in 1964 1964 196S 1966 designation 
TN G5M2 66^3 Ch-TN(B) 
ChBCk(g^j Bulk of 1 seed X 300 lines EMS V l  V 2  ^6^3 Ch-EMS(S) 
S ^6 Check 
TN - Thermal neutrons 
EMS - Ethyl methanesulfonate 
(6) - Bulk composite (s)  - Selected composite 
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were planted, five per 4-inch pot, in the greenhouse in 
November, 1964, When a population of plants initiated anthe-
sis, it was placed in a greenhouse room where no other oats 
were growing to eliminate the opportunity for outcrossing 
with plants from other populations. 
Each surviving plant was harvested and threshed 
individually. Seeds from IKI^ plants were space planted in 
progeny rows in the field in 1965. Each row was ten feet 
long and contained a maximum of eight seeds per row. Rows 
were spaced three feet apart to permit mechanical weed con­
trol and to reduce the opportunity of interprogeny crossing. 
Ranges of rows were separated by five-foot alleys. 
Four additional populations of checks were planted in 
the field also. To measure the residual variability 
present between and within the 15 heavy seed-weight lines 
selected from Abrams* TN- and EMS- derived populations, pro­
genies from these strains were grown in two ways. To provide 
materials for estimating the between - strain variability, I 
grew solid-planted rows of each, and to provide materials for 
estimating the within-strain variability, I grew 30 spaced 
plants from each strain. 
When the field-grown plants were mature, progeny rows, 
^ Ml, Mg etc, refers to the first, second, etc. 
generations, after seed treatment with mutagens. 
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each of which contained two or more surviving plants were 
randomly selected in each of the 15 populations. Two random 
plants in each selected rows were harvested and threshed 
individually. In the population which received the re­
current EMS treatment; i.e., in 1960 and 1964, there were 
only 46 progeny rows with two or more Mg plants* The solid-
planted rows of the heavy seed-weight strains were each 
harvested and threshed in bulk, and in the space planted, 
progeny row of each of these strains 15 random plants were 
harvested and threshed separately. 
To measure the magnitude of genetic variability induced 
by different mutagen treatments (recurrent as well as single), 
I conducted an experiment at Ames, Iowa, in 1966. The ex­
periment contained 2252 lines from 19 populations. Fourteen 
of the populations derived from the seed composites (i.e., 
bulk or selected) were represented by 60 families^ of two 
lines each, and one (that which had received 1960 and 1964 
EMS treatments) was represented by only 46 families of two 
lines each. Twenty-eight dummy lines were added to this 
population to keep the experiment arrangement proportional, 
but no data was collected from them. The other four popu­
lations were included for measuring the between-and within-
^ A family consisted of the progenies derived from one 
Mj seed. 
2 
A line was the progeny from one M2 plant. 
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strain variances of the heavy seed-weight strains. Two of 
these, EWS(S)So and TN(S)So were each represented by the 
15 selected strains only and the other two, EMS(S)Sp and 
TN(S)Sp, were each represented by 225 lines, iee., 15 lines 
from each of 15 selected strains. 
The experiment was arranged in a randomized block design 
with 3 replicates. To facilitate randomization of packets 
for planting, the 2280 plots in a replicate were divided into 
15 blocks of 152 plots each. The 2252 entries plus 26 
dummies were divided into 15 sets which were assigned 
randomly to the blocks within replicates. Each of the 19 
populations in the experiment was represented in a set in 
proportion to the total number of lines it contained. 
A plot was a hill sown with 25 seeds and the hills were 
uniformly spaced one foot apart in perpendicular directions 
(Frey, 1965). The plants in the experiment were sprayed 
with a fungicide (active ingredients-Nabam and zinc sulfate)^ 
at weekly intervals from anthesis to maturity to prevent a 
rust epiphytotic which could confound the expression of 
genetic potential for agronomic traits. 
The traits measured on each plot were; (a) heading 
date-recorded when 50 percent of the panicles were com­
pletely emerged; (b) plant height-recorded in centimeters 
^Nabam is a short name applied to disodium ethylene 
biedithiocarbanate. 
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from the ground level to the panicle tips; and (c),weight of 
100 seeds-recorded in grams upon a random sample of mature 
seeds. An electronic seed counter (Goulden and Mason, 1958) 
was used for counting the 100-seed samples and weights were 
recorded to the nearest 0.01 gram. 
All the data were transferred to punch cards for deran-
domization and computations necessary for variance, correla­
tion, skewness, etc. analyses. Because of incomplete 
measurements on 12 lines the data for them was discarded, 
thus reducing the number of entries in the experiment to 
2240. Analyses of variance were computed on the basis of a 
randomized block design. 
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RESULTS 
The generations grown in progeny rows in 1965 from 
materials that I treated were; (a) Mg from seeds treated once, 
and (b) from seeds treated twice. Counts of chlorophyll 
and fatuoid mutants was made upon the 1965 grown plants 
(Table 2). The recurrent irradiation (i.e., TN-TN) produced a 
greater number of fatuoid and chlorophyll mutants than did any 
other treatment combination. Abrams (1962) also observed more 
fatuoids from TN than from EMS treatment. This result is ex­
pected, since fatuoids result from chromosome aberrations, 
especially deletion types which are produced in abundance by 
irradiation. 
The precision of the 1966 experiment was good as judged 
by the coefficients of variation (C.V.), which were 5.6 and 
7.8 percent, respectively, for plant height and weight of 100 
seeds. The C.V. for heading date was not calculated since 
this attribute was measured with June 1 as the arbitrary zero 
point. 
My prime objective was to ascertain the actual and rela­
tive amounts of variability generated by TN and EMS treatments 
of oat seeds singly, or repeatedly and alternately in different 
generations. I will also discuss the effects of the mutagens 
upon population means and frequency distributions. Some lots 
of seed that were treated represented random samples from 
Abrams' material for all traits whereas those that were 
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Table 2. Frequencies of families which segregated chlorophyll 
and fatuoids mutant plants in 1965. 
No, of Number of families with mutants 
families „ 
Mutagen Generation planted Albino Fatuoids Others Total 
TN 
"4 
622 - 3 - 3 
EMS «I4 574 - 1 - 1 
TN 
"2 249 - - 2 2 
EMS 
*2 320 - - 1 1 
TN-TN 569 - 16 8 24 
EMS-EMS %"'2 449 1 5 5 11 
EMS-TN 470 1 4 4 9 
TN-EMS V 2  542 - 5 3 8 
selected for 100-seed weight represented random samples for 
heading date and plant height but not for the selected trait. 
Whether a seed sample used for mutagen treatment was of 
selected or random origin could have a significant effect on 
the expected values of population means, variances, etc. These 
expectations will be pointed out at appropriate places in the 
text. 
As shown by Krull (1960) and predicted by Abrams (1962)» 
selection for 100-seed weight in mutagen derived populations 
was effective (Table 3). The actual gains from selection in 
the TN- and EMS-derived populations were lower and higher, 
respectively, than expected. Expected gains from both sources 
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Table 3. Expected and actual gains from selection for 100-
seed weight in populations derived from EMS and TN 
treatment by Abrams (1962) 
Mutagen 
used 
a 
Gain from selection 
Expected Actual 
EMS 5.3 8.2** 
TN 4.7 3.3** 
®In percent of population mean. 
** Values significant at one percent level. 
were quite similar (4.7 vs 5.3 percent), but the actual gain 
was 2.5 times greater in the EMS- than in the TN-derived 
population. 
None of the mean squares, either due to families or lines 
within families, for the check population was significant 
(Table 4), indicating that the seeds of Clintland oat variety 
used to initiate Abrams* (1962) study were genetically homo­
geneous for heading date, plant height and weight per 100 
seeds* 
According to expectation, the mean squares for heading 
date and plant height should have been similar in the bulk 
and selected populations without additional treatment, e.g., 
EMS(B) and EMS(S) or TN(B) and TN(S), because the seeds 
chosen in both types of populations were random with respect 
to these two traits. However, in three of the four 
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Table 4, Mean squares from the analyses of variance for 
heading dates, plant heights and weights per 100 
seeds of oat lines derived from several mutagen 
treatments 
Source of 
variation 
Mean squares 
Degrees 
of Heading Plant 
freedom date height 
Weight per 
100 seeds 
Replicates 
Entries 
2 
2239 
Among populations 
Among families/w 
following populations 
Check 
eiïiscb; 
Eivisis 
Ch-EMS(B) 
TN(B) 
TN(S) 
Ch-TN(B) 
EMS-EMStB 
EMS-EMS(S 
TN-TN(B) 
tn-tn(s) 
TN-EMS(B 
TN -EMS(S 
EMS-TNCB 
Ems-TN(s 
EMS(S)Sp.  
TN(S)Sp.  
EMS(S)So. 
TN(S)So. 
Along lines/w families in 
following populations: 
Check 
EMS(B) 
EMS(S) 
Ch-EmS(B) 
TN(B) 
TN(S) 
101. 5 ; 2920. 5 2. 2600 
12. 6«* 73. 2#» 0. 0998** 
18 135. 7#* 654. 1** 2. 2561** 
59 3. 9 23. 5 0. 0391 
59 18. 3** 109. 8«* 0. 1226** 
59 6. 0*# 56. 5** 0. 1372** 
59 20. 4«* 113. 2»* 0. 1128** 
59 8. 1*# 48. 5** 0. 0876** 
58 13. 0*» 110. 1#* 0. 0767** 
59 7. 4** 61. 0** 0. 0808** 
45 24. 3** 179. 0*# 0. 1370** 
59 13. 7** 112. 6** 0. 2381** 
59 14. 4** 66. 0** 0. 0739** 
59 26. 5** 72. 4#* 0. 1013** 
58 34. 0** 193. 6** 0. 1290** 
56 27. 1** 100. 8*# 0. 1343** 
59 20. 2** 106. 7** 0. 1243** 
59 10. 6** 94. 7#» 0. 1858** 
14 22. 8** 342. 6** 0. 3522** 
14 71. 7#* 768. 0** 0. 2676** 
14 1. 4 34. 4 0. 0866** 
14 7. 6** 31. 2 0. 0782** 
60 2.0 14.6 0.0401 
60 5.9** 39.0** 0.0361 
60 2.9 22.8 0.0585** 
60 9.6** 45.9** 0.0598** 
60 6.2** 24.5 0.0326 
59 4.1 22.9 0.0632** 
** and * are significant at 1 and 5 percent level, 
respectively. 
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Table 4. (Continued) 
Degrees Wean squares 
Source of of Heading Plant Weight per 
variation freedom date height 100 seeds 
Ch-TN(B) 
EMS-EMS(B) 
EM5-EMS(S) 
TN-TN(B) 
TN-TN(S) 
TN-EMS(B, 
TN-EMSfS, 
EMS-TNfB, 
EMS-TN(S, 
EMS(S)Sp 
TN(S)Sp. 
Error 4478 
60 5. 7** 37. 3** 0. 0370 
45 13. 9*# 54. 6** 0. 0500* 
60 11. 8** 81. g** 0. 0741** 
60 7. 3*» 48. 7** 0. 0370 
60 10. 5** 35. 1#» 0. 0563** 
59 12. 5** 71. 8** 0. 0895** 
57 15. 6** 48. 6** 0. 0723** 
60 10. 8** 69. 3*« 0. 0603** 
60 6. 3** 39. 0** 0. 0566** 
210 5. 5** 38. 3** 0. 0501** 
208 7. g#» 36. 5** 0. 0480** 
3. 7 24. 8 0. 0357 
comparisons (except for heading date in the EMS comparison) the 
mean squares among entries in the bulk and selected popula­
tions differed significantly (Table 5); in one case the mean 
square was larger in the selected population (TN(S)) and in 
two those for the bulk populations were larger. For the 
selected trait, weight per 100 seeds, the entries mean 
square was larger in both EIViS(S) and TN(S) than in their 
bulk counterparts, but not significantly so. To have 
significant genetic variation remaining in a selected 
population is not unusual. Note that the 100-seed weight 
mean squares among the 15 strains selected from the EMS-
derived population - EMS(S)So - and among the 15 selected 
from the TN-derived population - TN(S)So - were both highly 
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significant (Table 4). However, to have the genetic variation 
remain as high or higher than that in the unselected popula­
tion generally is unexpected. Probably the answer to this 
lies in that here mutagen-derived variability is being 
exploited for selection, whereas the theory which predicts 
that a diminution of genetic variability will accompany 
effective selection in self-fertilizing crop species, is 
based on hybrid populations. In an F2 population, recom­
bination will cause more or less all plants to deviate from 
the mean and thus contribute to genetic variance, whereas in 
an Mg population a large number of plants may have been 
derived from parents in which no mutations occurred, and 
thus they contribute zero genetic variance to the population 
variance. However, the very Mg plants selected from the 
mutagen-derived population are the progenies from parents 
in which mutations occurred. Thus, the pattern of diminution 
of genetic variance due to selection might be quite different 
in hybrid and mutagen derived populations. A clue to this is 
provided from the subdivision of the entries variability into 
two sources - among families and among lines within families. 
The mean squares among families in the EWS(B) and EWS(S) or 
TN(B) and TN(S) were similar, but for among lines within 
families neither bulk population mean square was significant, 
whereas both selected population mean squares were highly 
significant. In other words, the 100-seed weight segregation 
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among lines within families, which represents an 
average situation in the population, is insignificant for 
the mutagen derived population as a whole, but in families 
derived from plants in which mutations are known to have 
occurred there is still significant segregation. 
The variabilities for each trait - heading date, plant 
height and 100-seed weight - in EI*IS(B) and Ch-EI*1S(B) and in 
T1\1(B) and Ch-TN(B) were similar in magnitude (Table 5), 
indicating that the mutagen treatments given by Abrams (1962) 
and herein were equivalent in producing mutations. 
There are two sources that contribute to "among 
families" mean squares within the EMS(S) and TN(S) popu­
lations; (a) the variation among the 15 selected M^-derived 
strains, and (b) the variation among the 20 seeds selected 
within each M^-derived strains. The 15 strains selected 
from the EMS-derived population (i.e., ElflS(S)So) differed 
significantly for weight per 100 seeds, and the 15 strains 
selected from the TN-derived population (i.e., TN(S)So) 
differed significantly for heading date and weight per 100 
seeds (Table A). Lines derived from the selected seeds 
within the 15 strains (i.e., EMS(S)Sp and TN(S)Sp) differed 
significantly for all three traits for both EMS- and TN-
derived material also (Table 4). 
Except for two cases, both associated with lines within 
families for TN treatment (i.e.. Ch-TN(B) and TN-TN(B)), all 
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Table 5. Wean squares from analyses of variance of heading 
dates, plant heights and weights per 100 seeds of 
oat lines in populations derived from one cycle of 
mutagen treatment 
Source of 
variation 
Degrees 
of 
freedom 
Mean squares 
Heading 
date 
Plant 
height 
Weight per 
100 seeds 
Entries in; 
EMS(B) 
EMSfS) 
Ch-EMS(B) 
tn[s: 
Ch-TN(B) 
Families in; 
EMS(B) 
Ems(s) 
Ch-EMS(B) 
TN(B) 
TN(S) 
Ch-TN(B) 
Lines/uf. families in; 
EMS(B) 
EMS(S) 
Ch-Ems(B)  
TN(aj  
TN(S 
Ch-TN(B) 
Error 4478 
119 12.0** 74.1** 0.079** 
119 4.4 39.5** 0.097** 
119 15.0** 79.3** 0.086** 
119 7.1** 36.4** 0.060** 
119 8.5** 66.1** 0.070** 
117 6.6** 51.6** 0.059** 
59 18.3** 109.8** 0.123** 
59 6.0** 56.5** 0.137** 
59 20.4**^ 113.2** 0.113** 
59 8.1** 48.5** 0.087** 
59 13.0** 110.1** 0.077** 
58 7.4** 61.1** 0.081** 
60 5.9** 39.0** 0.036 
60 2.9 22.8 0.058** 
60 9.6** 45.9** 0.060** 
60 6.2** 24.5 0.033 
60 4.1 22.9 0.063** 
59 5.7** 37.3** 0.037 
3.7 24.8 0.036 
** Significant at 1 percent level. 
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populations which in their derivation received a 1964-
mutagen treatment, gave significant mean squares for each 
trait (Table 4). 
One method for making comparisons between the various 
treatment combinations is by using variance components for 
families and lines and the sum of them (total) from the 
appropriate populations. To obtain the variance components, 
the following equations were used; 
2 
Mean square for error = (l) 
2 2 
Mean squares for lines/w families = o • T O ,  (2) 
8 X 
2 2 2 
Means square for families = ffg + ro^ + rlo^ (3) 
2 2 2 
The 0 , e, and cr designate the variance components due 6 x r 
to error, lines and families, respectively, and r and 1 are 
the numbers of replicates and number of lines per family, 
2 
respectively. The for one trait was a constant for all 
populations, since only one error term per trait was cal-
2 2 
culated for the entire experiment. The oFJ^ and cr^ for 
each population were calculated by substituting the appro­
priate mean squares in equations i and 3. 
The variance components for families, lines and the sum 
2 2 (total) of 0^ + from populations derived from one and two 
seed treatments with EMS or TN, are given in Tables 6, 7 and 8 
for heading date, plant height and weight per 100 seeds. 
31 
respectively. At the bottom of each table means of the 
variance components are given for one vs. two treatments, 
selected vs. unselected populations, and EMS vs. TN popula­
tions. In the case of one vs. two treatments, the six variance 
components from populations that were derived from one muta­
gen treatment |(i.e., EMS(B), Ch-EMS(B), EMS(S), TN(B), 
Ch-TN(B) and TI\l(S)J were averaged and the four from popu­
lations that were derived from two mutagen treatments^(i.e., 
EMS-EMS(B), EMS-EMS(S), TN-TN(B) and TN-TN(S)] were averaged: 
the resulting mean "total" variance components were 1.75 and 
3.86, respectively, for heading date. To test whether the 
mean total variance components for one and two treatments 
were significantly different in magnitude, the F ratio was 
calculated between the pooled mean square from populations 
derived from one mutagen treatment and the pooled mean square 
from the populations derived from two mutagen treatments. 
Similar tests were made for selected vs unselected and EMS vs 
TN for each trait. 
For each trait, the mean total variance component that 
resulted from two seed treatments was significantly greater 
than the comparable value from one seed treatment only. The 
mean total variance component for two treatments was greater 
than that for one treatment by 115 percent for heading date, 
75 percent for plant height and 50 percent for weight per 100 
seeds. For heading date and plant height, a major portion of 
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Table 6. Varian 
tions 
EMS or 
ce components for heading date 
derived from one and two seed 
TN 
in oat popula-
treatments with 
Category of variance components 
Populations Families Lines Total 
EMS(B) 2.06 0.75 2.81 
Ch-EMS(B) 1.81 1.96 3.77 
EinS-EMS(8) 1.72 3.40 5.12 
E m s ( s )  0.52 -0.27 0.25 
EIYIS-EmS(S) 0.30 2.71 3.01 
TN(B) 0.31 0.85 1.16 
Ch-TN(B) 0.27 0.68 0.95 
TN-TN(B) 1.18 1.20 2.38 
TN(S) 1.48 0.15 1.63 
TN-TN(S) 2.67 2.26 4.93 
pooled-
One treatment 1.07 0.68 1.75 
Two treatments 1.47 2.39 3.86^^ 
Selected 1.26 1.61 2.87 
Unselected 1.56 1.76 3.32 
EMS 1.28 1.71 2.99^^ 
TN 1.18 1.03 2.21 
••Variances differ significantly at 1 percent level. 
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Table 7. Variance components for plant height 
tions derived from one and two seed 
EMS or TN 
in oat popula-
treatments with 
Category of variance components 
Populations Families Lines Total 
Ems(B) 11.8 4.7 16.5 
Ch-EmS(B) 11.2 7.0 18.2 
EMS-EMS(B) 20.7 10.0 30.7 
Ems ( s )  5.6 - 0.7 4.9 
EmS-EMS(S) 5.1 19.1 24.2 
TN(B) 4.0 - 0.1 3.9 
Ch-TN(B) 4.0 4.1 8.1 
TN-TN(B) 2.9 8.0 10.9 
TI\l(S) 14.7 — 0.6 14.1 
TN-TN(S) 6.2 3.5 9.7 
Pooled-
One cycle 8.5 2.4 10.9 
Two cycles 8.7 10.1 18.8** 
Selected 8.2 5.7 13.9 
Unselected 10.1 6.0 18.1 
EMS 10.9 5.0 15.9** 
TN 6.4 3.0 9.4 
••Variances differ significantly at 1 percent level. 
34 
Table 8. Variance components for 
populations derived from 
ments with EMS or TN 
weight per 100 seeds in oat 
one and two seed treat-
Category of variance component 
Population Families Lines Total 
EMS(B) 0.0144 0.0001 0.0145 
Ch-EMS(B) 0.0088 0.0080 0.0168 
Ems-Ems(B) 0.0145 0.0048 0.0193 
EMS(S) 0.0131 0.0076 0.0206 
EMS-EmS(S) 0.0273 0.0128 0.0401 
TN(B) 0.0091 -0.0010 0.0081 
Ch-TN(B) 0.0089 0.0004 0.0093 
TN-TN(B) 0.0061 0.0004 0.0065 
TN(S) 0.0022 0.0091 0.0113 
TN-TN(S) 0.0075 0.0068 0.0143 
Pooled-
One cycle 0.0094 0.0040 0.0134 
Two cycles 0.0138 0.0062 0.0200^^ 
Selected 0.0136 0.0092 0.0228^* 
Unselected 0.0098 0.0048 0.0146 
EMS 0.0156 0.0067 0.0223^^ 
TN 0.0068 0.0031 0.0099 
••Variances differ significantly at 1 percent level. 
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the higher mean total variance component for the two-treat-
ment category was contributed by the lines variance component. 
This would be expected because most of the new variability 
induced by the second treatment would be manifested among 
lines within families. 
The mean total variance components for heading date and 
plant height were greater for the unselected than for the 
selected category, but not significantly so. However for 
weight per 100 seeds the mean total variance component was 
55 percent greater for selected than for unselected; this was 
a highly significant difference. 
For all traits the EMS treatments produced significantly 
greater mean total variance components than did TN treatment. 
The greater magnitudes of the EMS mean total variance com­
ponents were 35 percent for heading date, 65 percent for plant 
height and 125 for weight per 100 seeds. 
These data show that two seed treatments of oats applied 
in different generations with either EMS or TN, creates more 
variability than does one seed treatment with the same mutagen, 
but the additional amount of variability from the second treat­
ment may be either more or less than that created by the first 
one. Also, EMS is a more effective mutagen than TN for in­
ducing variability in oats for heading date, plant height and 
weight per 100 seeds, at least with the dosages of these 
mutagens that were used herein. 
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When I gave the second cycle of treatment to the oat 
seeds with EMS or TN, it was possible to treat with the same 
mutagen as used in the first cycle (hereinafter referred to as 
recurrent treatment), or with the other one (hereinafter 
referred to as alternate treatment). If certain loci which 
affect a given plant trait are somewhat mutagen specific, 
for which Hagberg et al. (1958) and Ehrenberg, et al. (1961) 
give evidence, a second treatment with the same mutagen would 
likely lead to less mutations, and thereby variability, than 
would the first treatment, simply because there would be 
fewer unmutated alleles upon which the second dose could 
"function". However, if the second treatment was given with 
a different mutagen, the efficiency of it would not be 
impaired because none of the alleles at the loci sensitive 
to it would have been mutated by a previous treatment. 
Therefore, if loci are somewhat mutagen specific, the 
variability of alternate treatments with EMS and TN should 
give a higher variance than the mean of the variances from 
recurrent treatments with TN and EMS. 
For each trait (Tables 9, ID and 11), the alternate 
treatment method gave a greater mean total variance component 
than did the recurrent treatment method. The mean total 
variance components were approximately 16 percent higher for 
each trait with the alternate treatments, but in no case was 
the increase significant at the 5 percent level. Therefore 
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Table 9, Variance components for heading date in oat popu­
lations derived from recurrent or alternating seed 
treatments with EMS and TN. 
Category of variance components 
Population Families Lines Total 
EMS(B) 2.06 0.75 2.81 
EmS-EMS(B) 1.72 3.40 5.12 
EMS-TN(B) 1.56 2.38 3.94 
EMS(S) 0.52 -0.27 0.25 
EMS-EmS(S) 0.30 2.71 3.01 
EMS-TN(S) 0.72 0.85 1.57 
TN(B) 0.31 0.85 1.16 
TN-TN(B) 1.18 1.20 2.38 
TN-EmS(B) 3.58 2.93 6.51 
TN(S) 1.48 0.15 1.63 
TN-TN(S) 2.67 2.26 4.93 
TN-EmS(S) 1.92 3.97 5.89 
Pooled-
Recurrent 1.47 2.39 3.86 
Alternate 1.95 2.53 4.48 
— EMS^ 1.88 3.25 5.13** 
——T N 1.52 1.67 3.19 
^Mutagen used for second treatment. 
**Variances differ significantly at 1 percent level. 
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Table 10. Variance components for plant height in oat popu­
lations derived from recurrent or alternating seed 
treatments with EMS and TN 
Population 
Category of variance components 
t- amines Lines 1 otai 
EMS(B) 11.8 4.7 16.5 
EMS-EMS(B) 20.7 10.0 30.7 
EMS-TN(B) 6.2 14.9 21.1 
ElïlS(S) 5.6 — 0.7 4.9 
EMs-Ems( s )  5.1 19.1 24.2 
EMS-TN(S) 9.3 4.7 14.0 
TN(B) 4.0 - 0.1 3.9 
TN-TN(B) 2.9 8.0 10.9 
TN-EIYIS(B) 20.3 15.7 36.0 
TN(S) 14.7 - 0.6 13.1 
TN-TN(S) 6.2 3.5 9.7 
TN-EmS(S) 8.7 8.0 16.7 
Pooled-
Recurrent 8.7 10.2 18.9 
Alternate 11.1 10.8 21.9 
a 
--EMS 13.7 13.2 26.9** 
—TN 6.2 7.8 . 14.0 
^Mutagen used for second treatment. 
••Variances differ significantly at 1 percent level. 
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Table 11. Variance components for 
populations derived from 
seed treatments with EMS 
weight per 100 
recurrent or 
and TN 
seeds in oat 
alternating 
Category of variance components 
Population Families Lines Total 
ElïlS(B) 0.0144 0.0001 0.0145 
EMS-EMS(B) 0.0145 0.0048 0.0193 
EMS-TN(B) 0.0106 0.0082 0.0188 
ElViS(S) 0.0131 0.0076 0.0207 
EMS-EmS(S) 0.0273 0.0128 0.0401 
ElïlS-TN(S) 0.0215 0.0069 0.0284 
TN(B) 0.0091 -0.0010 0.0081 
TN-TN(B) 0.0061 0.0004 0.0065 
TN-EMS(B) 0.0066 0.0179 0.0245 
TN(S) 0.0022 0.0091 0.0113 
TN-TN(S) 0.0075 0.0068 0.0143 
TN-EMS(S) 0.0103 0.0122 0.0225 
Pooled-
Recurrent 0.0139 0.0062 0.0201 
Alternate 0.0123 0.0113 0.0236 
--EMS^ 0.0147 0.0119 0.0266** 
—TN 0.0114 0.0056 0.0170 
^Mutagen used for second treatment. 
••Variances differ significantly at 1 percent level. 
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it appears that with comparable biological materials, the 
alternate treatment with mutagens will provide somewhat more 
variability than recurrent treatment will. However from a 
practical viewpoint, the plant breeder is really interested 
in the mutagen treatment system that provides the greatest 
total variability, a fact which must involve the efficiency 
of different mutagens to produce variability. In Tables 9, 
10 and 11 the mean variance components are given for popu­
lations that were treated with EMS or TN in the second cycle. 
In each case, the mean total variance component for the EMS 
populations was significantly greater than the comparable 
value for the TN populations, indicating again that the EMS 
was a more efficient mutagen than was TN. Actually, the mean 
total variance component from recurrent EMS treatment and from 
alternating EMS and TN treatment was not significantly dif­
ferent for any trait (Table 12). It was higher from recurrent 
EMS for plant height and 100-seed weight and higher from alter­
nate treatment for heading date. The recurrent TN treat­
ment produced the lowest mean total variance component for 
each trait, giving further evidence of its relative ineffi­
ciency as a mutagen. 
The order in which the mutagens are applied with the al­
ternate treatment system may have some effect on the amount of 
variability produced (Table 13). With the TN-EMS order of 
treatment (i.e., EMS applied last), the mean total variance 
41 
Table 12. Means oF total uiithin-population variance com­
ponents for heading date, plant height and weight 
per 100 seeds in populations derived from recurrent 
or alternating seed treatment with EMS and TN 
Trait 
Population 
types 
Heading 
date 
Plant 
height 
Weight per 
100 seeds 
Recurrent EMS 4.07 27.5** 0.0297** 
Alternating 
EMS and TN 4.48 21.9** 0.0236** 
Recurrent TN 3.66 10.3 0.0104 
**Variances for alternating EMS and TN and recurrent EMS 
are significantly greater than those for recurrent TN. 
Table 13. Means of total within-population variance com­
ponents for heading date, plant height and weight 
per 100 seeds in populations derived from alter­
nating seed treatments with EMS and TN 
Traits 
Population Heading Plant Weight per 
types date height 100 seeds 
TN-EMS 6.20** 26.4* 0.0235 
EMS-TN 2.76 17.6 0.0236 
**Variances differ significantly at 1 percent level. 
Variances differ significantly at 5 percent level. 
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components were 125 percent higher for heading date and 50 
percent higher for plant height than comparable values from 
the EMS-TN order. The mean total variance components for 
lOO-seeçj weight were equal regardless of the order in which 
the mutagens were used. 
A clear-cut answer as to whether alternate or recurrent 
treatment with mutagens is superior for producing variability 
in quantitatively inherited traits is not possible from the 
data herein, because the mutagens used -EMS and TN - were not 
equally efficient. On the basis of actual magnitudes of mean 
total variance components, the recurrent EMS treatment was 
equal and perhaps superior to the alternate treatments with 
TN and EMS. However, on a relative scale the alternate 
treatment was superior to the mean of recurrent TN and recur­
rent EMS by about 16 percent. 
Some evidence has been given that a second treatment in 
a recurrent mutagen treatment system is not as efficient as 
the first one. Also, there was some indication that a 
second mutagen treatment may be more effective when applied in 
an alternate treatment system than in a recurrent one. It is 
possible to get more direct evidence on these ideas by 
2 2 
comparing actual total variance components ) in 
populations derived from two seed treatments with comparable 
predicted values calculated on the assumption that the 
contributions from the first and second treatments are 
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independent and additive. For example, the predicted total 
variance component for the EMS-EWS(B) population would be the 
sum of the total variance components from the EWS(B) and the 
Ch-EMS(B) populations, and for the EMS-EMS(S) the predicted 
value would be the sum of the total variance components from 
the EWS(S) and the Ch-EMS(B) populations. All other predicted 
values were calculated similarly (Tables 14 and 15 for recur­
rent and alternate populations, respectively). 
Probably the most meaningful way to compare the & tual 
and predicted total variance components is relative to each 
other. Accordingly, the actual values are presented as per-
cents of the predicted values for each population-trait 
combination. For the recurrent treatment populations the 
relative values ranged from 35 to 191 percent (Table 14). 
The mean relative values for the EMS- and TN- recurrent 
populations, taken across all traits was 68 and 90 percent, 
respectively. The range of relative values was from 51 to 
162 for the alternate treatment populations (Table 15). 
For both sets of oat populations that were derived 
from two seed treatments (i.e., recurrent and alternate), 
the mean actual variance component for heading date was as 
large or larger than the mean predicted value. For the 
recurrent-(Table 14) and alternate-treatment derived (Table 15) 
populations the mean actual variance components were 96 and 
115 percent, respectively of the predicted values. These 
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Table 14. Actual and predicted entries. Variance components 
and ratios between them in oat populations derived 
from recurrent seed treatments with EMS or TN 
Variance component Actual 
Population Trait Actual Predicted Predicted 
X 100 
EIV)S-EMS(B) Heading date 
Plant height 
Wt./lOO seeds 
EMS-EMS(S) Heading date 
Plant height 
Wt./lOO seeds 
TN-TN(B) 
TN-TN(S) 
Heading date 
Plant height 
Wt./lOO seeds 
Heading date 
Plant height 
Wt./lOO seeds 
5.12 
34.B 
0.0193 
3.01 
24.2 
0.0401 
2.38 
10.9 
0.0065 
4.93 
9.7 
0.0143 
6.  68 
30.7 
0.0313 
4.32 
23.9 
0.0375 
2.11 
12.1 
0.0184 
2.58 
2 2 . 8  
0.0206 
77 
113 
6 2  
70 
101 
107 
113 
90 
35 
191 
43 
69 
Mean Heading date 
Plant height 
Wt./lOO seeds 
3.86 
19.9 
0.0201 
3.92 
22.4 
0.270 
98 
89 
74 
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Table 15. Actual and predicted total 
ratios between them in oat 
alternate seed treatments 
variance components 
populations derived 
with EMS and TN 
and 
from 
. _ 
Variance component Actual 
X 100 
Population Trait Actual Predicted Predicted 
TN-EMS(B) Heading date 6.51 4.93 132 
Plant height 36.0 22.2 162 
Wt./lOO seeds 0.0245 0.0259 95 
TN.EmS(S) Heading date 5.89 5.40 109 
Plant height 16.6 32.3 51 
Wt./lOO seeds 0.0225 0.0281 80 
EmS-TN(B) Heading date 3.94 3.76 105 
Plant height 21.1 24.7 85 
Wt./lOO seeds 0.0188 0.0238 79 
EMS-TN(S) Heading date 1.57 1.47 107 
Plant height 14.0 13.7 102 
Wt./lOO seeds 0.0284 0.0300 95 
Mean Heading date 4.48 3.89 115 
Plant height 21.9 23.2 94 
Wt./lOO seeds 0.0236 0.0270 87 
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data suggest that for heading date, the variabilities 
induced by the two seed treatments were probably independent 
and additive. 
For plant height the mean actual variance components 
for the recurrent- and alternate-treatment derived popu­
lations were 89 and 94 percent, respectively, of the pre­
dicted values, suggesting that the variabilities induced for 
this trait are probably nearly independent and additive. 
However for weight per 100 seeds, the mean relative values 
for recurrent- and alternate-treatment derived populations 
were only 74 and 87 percent, respectively. Most likely, the 
variabilities for this trait induced by the first and second 
treatments are not independent and additive. 
Evidently, the degree to which variabilities from two 
seed treatments applied in different generations are additive 
is trait dependent. The variabilities from the two treat­
ments were probably additive for heading date and plant 
height, but not for weight per 100 seeds. 
For each trait the mean actual variance component was 
a higher percentage of the mean predicted variance component 
for the populations derived from the alternate-treatment 
system than for the populations derived from the recurrent-
treatment system. The respective mean relative values 
were 115 and 98 for heading date, 94 and 89 for plant height, 
and 87 and 74 for weight per 100 seeds. Therefore, it appears 
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that the variabilities are more nearly additive if they are 
induced by different mutagens than if induced by the same one. 
The 115 percent for heading date with the alternate-treatment 
system is suggestive of a synergistic effect between the two 
treatments. 
In Abrams' (1962) study, none of the mutagen-derived oat 
lines that were mutant for heading date or plant height was 
earlier or taller respectively, than the earliest or tallest 
check line. Similarly herein, most of heading-date and plant-
height mutant lines were later and shorter than the earliest 
and tallest check lines. An occasional line (in TN-EMSfS), 
TN(S)Sp and TN(S)So) was earlier than the check range and 
several lines (in EMS(B), EMS(S), Ch-EMS(B), TN(S), Ch-TN(B), 
TN-TN(S), EI*1S-TN(S) and TN(S)Sp) were taller than the check 
range (Figures 1 and 2). Also, the heading date means of 15 
of the populations were later than the check mean (Table 16), 
and all plant height means were smaller than the check mean. 
Obviously, the heading date and plant height variability 
induced in these oat populations was largely unidirectional. 
The population means for 100-seed weight give little 
evidence of unidirectional variability. Of the bulk-derived 
populations five, two and one had means that were lower than, 
equal to and higher than the check mean (Figure 3), However, 
TN-EMS(S) produced more lines with lighter seeds. 
Frequency distributions for heading dates, plant heights 
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Table 16, Means of heading dates, plant heights and weights 
per 100 seeds for oat populations derived from 
several mutagen treatments 
Population 
Heading 
date 
Plant 
height 
Weight per 
100 seeds 
Check 20.2 91.1 2.43 
EMS(B) 20.8 89.5 2.41 
EIYIS(S) 20.3 90.3 2.61 
Ch-EMS(B) 21.3 87.5 2.38 
TN(B) 20.5 90.0 2.44 
TN(S) 20.7 90.0 2.51 
Ch-TN(B) 20.5 88.9 2.43 
EMS-EMS(B) 22.5 85.6 2.39 
EMS-EMS(S) 21.7 87.0 2.58 
TN-TN(B) 21.2 88.7 2.42 
TN-TN(S) 21.7 88.5 2.50 
TN-EMS(B) 21.7 87.1 2.42 
TN-EMS(S) 22.0 87.3 2.47 
EmS-TN(B) 21.4 87.7 2.43 
EMS-TN(S) 21.4 88.5 2.60 
ElïlS(S)-Sp. 20.7 88.8 2.60 
TN(S)-Sp. 21.0 88.9 2.53 
E(*IS(S)-So. 20.1 89.3 2.61 
TN(S)-So. 19.4 90.0 2.57 
Figure 1. Heading date ranges for oat populations derived 
from different mutagen treatments and check 
Figure 2. Plant height ranges for oat populations derived 
from different mutagen treatments and check 
Figure 3. Ranges of 100-seed weights for oat populations 
derived from different mutagen treatments and check 
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Figure 4. Frequency distributions for heading dates of oat 
lines derived from check and one EMS or TN seed 
treatment 
Figure 5. Frequency distributions for heading dates of oat 
lines derived from check and two cycles of EMS or 
TN treatments 
Figure 6. Frequency distributions for heading dates of oat 
lines derived from check and alternating seed 
treatments of TN and EMS 
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- - Figure 7. Frequency distributions for plant heights of oat 
lines derived from check and one EMS or TN seed 
treatment 
Figure 8. Frequency distributions for plant heights of oat 
lines derived from check and two cycles of EMS or 
TN seed treatments 
Figure 9. Frequency distributions for plant heights of oat 
lines derived from check and alternating seed 
treatments of TN and EMS 
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Figure 10. Frequency distributions for weight per 100 seeds of 
oat lines derived from check and selected com­
posites receiving one cycle of EMS or TN seed 
treatment 
Figure 11. Frequency distributions for weight per 100 seeds 
of selected oat lines derived from one EMS con­
tinued under space planting, recurrent EMS and 
alternate EMS-TN seed treatment 
Figure 12. Frequency distributions for weight per 100 seeds 
of selected oat lines derived from one TN con­
tinued under space planting, recurrent TN and 
alternate TN-EMS seed treatments 
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Figure 13. Frequency distributions For weight per 100 seeds 
of selected oat lines derived from recurrent EMS 
and alternate EMS-TN and TN-EMS seed treatments. 
Figure 14. Frequency distributions for weight per 100 seeds 
of selected oat lines derived from recurrent TN 
and alternate EMS-TN and TN-EMS seed treatments 
Figure 15. Frequency distributions for weight per 100 seeds 
of unselected (bulk) oat lines derived from one 
EMS, recurrent EMS and alternate EMS-TN seeds 
treatments 
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Figure 16, Frequency distributions for weight per 100 seeds 
of unselected (bulk) oat lines derived from one 
TN, recurrent TN and alternate TN-EWS seed treat­
ments 
Figure 17. Frequency distributions for weight per 100 seeds 
of selected oat lines derived from one EMS, recur­
rent EMS and alternate EMS-TN seed treatments 
Figure 18, Frequency distributions for weight per 100 seeds 
of selected oat lines derived from one TN, recur­
rent TN and alternate TN-EMS seed treatments 
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Table 17. Skeuiness and Kurtosis values for heading date, plant 
height and weight per 100 seeds for the mutagen-
derived and check populations 
Skeuiness Kurtosis 
Heading Plant Wt, per Heading Plant Wt. per 
Population date height 100 seeds date height 100 seeds 
Check 0.26 0.006 -0. 57** 0.56 0.13 1. 98** 
EMS(B) 1.50** -0.87** 0. 13 2.81** 8.17** 0. 04 
EMS(S) 0.47* -0.45* 0. 58** 0.15 0.71 0. 17 
Ch-EMS(B) 1.13** -1.22** 0. 23 2.04** 2.94** 0. 57 
TN(B) 1.13** -0.42 0. 01 2.22** 0.03 0. 53 
TN(S) 1.46** -0.75** 0. 53* 3.55** 0.71 0. 26 
Ch-TN(B) 0.51* -0.25 0. 44 1.53 0.04 1. 04* 
EMS-EMS(B) 0.68** -1.16** —0 • 32 0.73** 2.85** - 0. 91 
EMS-EMS(S) 0.83** -1.12** — 0. 39 0.71 6.80** — 1. 96** 
TN-TN(B) 0.52* -0.10 0. 009 0.32 — 0 . 68 1. 58** 
TN-TN(S) 0.89** -0.22 0. 14 0.65 0.17 0. 24 
TN-EmS(B) 0.85** 0.06 0. 84** 0.85 2.60** 0. 58 
TN-EIÏIS(S) 0.51* -1.06** " 0 # 44* -0.13 2.90** 1. 10* 
EMS-TN(B) 0.93** -0.15 1. 14** 0.71 0.15 2. 22** 
EMS-TN(S) 0.18 0.12 0. 29 -0.53 0.12 0. 52 
EI»S(S)Sp. 1.56** -0.81** -0. 22 5.69** 1.28** 5. 24** 
TN(S)SP. 0.89** -0.60 -0. 48** 1.45** 0.57 
— 0 » 31 
EmS(S)So. -0.43 -0.13 -0. 02 — 0.66 0.17 -0. 40 
TI\l(S)So. -0.52 -1.14* 0. 61 -0.28 2.27* 1. 32 
** and * Significant at 1 and 5 percent respectively 
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and lOQ-seed weight of the lines in certain populations are 
shown in Figures 4 to 10 and the skewness and kurtosis values 
for all frequency distributions are given in Table 17. 
The signs of skewness values for weight per 100 seeds 
were positive and seven negative. Only seven distributions 
were skewed significantly, four positively and three nega­
tively. Except for two populations, the heavy-weight strains 
grown in solid stand, all mutagen-derived populations showed 
positive skewness for heading date; 15 were skewed significant­
ly. The skewness values for plant height were largely nega­
tive and 9 were significant. This skewness also denotes a 
nearly unidirectional shift towards lateness and shorter 
plant heights that were noted from the population ranges. 
A second treatment with mutagen changed the heading date 
frequency distributions considerably. One treatment with EMS 
or TN (Figures 4 and 5) reduced the frequencies in the modal 
classes when compared to the check, but a second dose re­
duced the modal frequencies even more. The EMS, when applied 
twice, seemed to produce more mutant lines than did a second 
treatment with TN. With alternate mutagen treatments (i.e., 
EMS-TN and TN-EMS), the order in which the two mutagens were 
applied had no detectable effect on the contour of the 
frequency distribution (Figure 6) but TN-EMS treatment gave 
a few lines earlier than check. 
As indicated earlier, only a few lines in the mutagen-
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derived populations were taller than the tallest check line 
(Figures 7-8), but there were many mutant lines in each muta­
gen derived population that were shorter than any check line. 
The mutagen-derived population that contained the greater num­
ber of tall mutant lines was TN-EMS(Figure 9), One treatment 
with either EMS or TN produced many mutant lines for plant 
height and the frequency distributions for the populations 
derived from single treatments with the two mutagens were sim­
ilar except that EMS caused a greater reduction in the modal 
classes (Figure 7), This modal class reduction was more pro­
nounced for recurrent EMS compared to current TN treatment 
(Figure 8). When the two mutagens were applied alternately, 
the contours of the frequency distributions were similar re­
gardless of the order of their applications (Figure 9), 
The frequency distributions for 100-seed weights of oat 
lines were available for populations derived from mutagen 
treatment of both bulk and selected seed sources (Figures 10-
18), Selection for 100-seed weight in Abrams* (1962) material 
was more effective in shifting the mean of EMS than TN-derived 
material (Figure 10). Whether the samples of seed from a se­
lected source i.e., EMS(S) or TN(S) were given second treat­
ments recurrently or alternately seemed to have no observable 
effect on the contours of the resultant populations ^ (Figures 
^As the number of lines for EMS and TN treated populations 
from selected composites continued under space planting were 
225 against 120 for other populations these numbers were pro­
portionately adjusted in drawing frequency distributions in 
Figures 11-12. 
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11-12). The TN-EMS(S) treatment produced many mutations for 
light seeds whereas the EMS-TN(S) treatment gave many muta­
tions to heavy seeds (Figure 13) indicating that the order in 
which the mutagens were applied had an effect on the direction 
in which mutations occurred. 
The spread of frequency as measured by kurtosis (Table 17) 
showed consistent shifts to direction of lateness and short­
ness for heading dates and plant heights (positive values). 
Seven values for heading date and seven for plant height 
were significant and had positive sign. Large positive and 
significant kurtosis values were shown for heading dates for 
EMS(B) and TN(6) populations (Figure 4), whereas negative or 
low positive values for TN-EWS(B) and EWS-TN(B) showed flat-
topped distribution of the mutation frequency (Figure 6). 
The eight significant kurtosis values for plant heights 
were positive in sign and indicated reduction in the number of 
lines in the flanks of the normal curve. The six significant 
positive kurtosis values for 100 seed weights showed the 
distribution of mutant lines to be near normal. However, two 
negative (one significant) kurtosis values for recurrent EMS 
treatment showed flat-topped distributions with corresponding 
increases of numbers of lines in the flanks in frequency dis­
tribution for this character (Figures 11, 15, 17). 
Most mutation breeding research is directed to answering 
the very practical question "How useful is mutagen-induced 
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variability for improving a plant trait through selection?" 
As shown earlier (Table 3), the 100-seed weight variability 
induced in oats by Abrams (1962) with EMS and TN, was 
heritable. Now, the magnitude of success from selection 
within a mutagen-derived population will depend upon the 
heritability percentages and the magnitudes of the induced 
variability. 
2 2 
The amounts of genotypic variability (i.e., ) 
in the various mutagen-derived populations, expressed as 
genotypic coefficients of variability (C.Vg ), are given in 
Table 18. Genotypic coefficients (Burton, 1952) were cal­
culated according to the following formulai 
c.u jI '1  * 
g. _ » 
X 
2 o 
where cr^ and are the variance components among lines 
within families and among families, respectively, and X is 
the population mean. 
Since the heading date means for the various mutagen-
derived populations were so similar in magnitude (Table 18), 
the C.Vg's for this trait provided about the same con­
clusions with respect to variability characteristics asso­
ciated with mutagen treatments as did the variance components 
(Tables 9 to 11). The same is true for plant height. For 
weight per 100 seeds, the difference in amount of variability 
in selected vs. unselected populations is not so apparent 
f  
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Table 18, Genotypic coefficients of variability (based on 
total genotypic variances within populations) for 
heading date, plant height and weight per 100 seeds 
from mutagen-derived populations 
-
Trait 
Heading Plant Weight per 
Population date height 100 seeds 
EMS(B) 8.0 4.5 5.0 
EMS(S) 2.5 2.5 5.5 
Ch-EIYIS(B) 9.1 4.9 5.4 
TN(B) 5.2 2.2 3.7 
TN(S) 6.1 4.2 4.2 
Ch-TN(B) 4.7 3.2 4.0 
EmS-EMS(B) 10.0 6.5 5.8 
EMS-EMS(S) 8.0 5.6 7.8 
TN-TN(B) 7.3 3.7 3.3 
TN-TN(S) 10^2' 3.5 4.8 
TN-EMS(B) 11.8 6.9 6.4 
TN-EMS(S) 11.0 4.7 6.1 
EMS-TN(B) 9.2 5.3 5.6 
EmS-TN(S) 5.8 4.2 6.5 
when C.V 's are compared as when variance components are 
9* 
compared, because the higher means of the selected populations 
tend to depress the C»\J„ 's. 
9* 
Heritability percentages (H) are also useful in pre­
dicting the success of selection for a trait in a 
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genotypically heterogeneous population (Table 19). These 
heritability percentages were calculated on a single-plot 
basis using the following formula; 
2 2 
Op + Oi 
H =  / /  ^ xlO O .  
*f + *1 + ®e 
2 2 2 
where and are the variance components for 
families, lines within families and error, respectively. 
As would be predicted from the variance component data, 
the heritability percentages tend to be higher for popula­
tions derived from two treatments than for populations 
derived from one treatment; the heritability percentages from 
EMS-derived populations tend to be higher than those from 
TN-derived populations; surprisingly, the heritability 
percentage for weight per 100 seeds was higher in the 
selected than in the unselected populations. It is inter­
esting, but not readily explainable, that in several popu­
lation categories the mean heritability percentages for the 
three traits are remarkably uniform. For example, the mean 
heritability percentages for heading date, plant height and 
weight per 100 seeds for the EMS (single dose) derived 
populations were 33, 33 and 33, respectively. 
Actually, the most meaningful statistic in predicting 
the success from selection for a trait in a genotypically 
heterogeneous population is the "expected genetic advance" 
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Table 19. Heritability percentages for heading date, plant 
height and weight per 100 seeds for various 
mutagen-derived oat populations and means thereof 
Trait 
Heading Plant Weight per 
Population date height 100 seeds 
EMS(B) 43 40 29 
ElïlS(S) 6 17 37 
Ch-EmS(B) 50 42 32 
TN(B) 24 14 18 
TN(S) 30 36 24 
Ch-TN(B) 20 25 20 
EMS-EMS(B) 58 55 35 
EMS-EMS(S) 44 49 53 
TN-TN(B) 39 30 15 
TN-TN(S) 57 28 29 
TN-EmS(B) 64 59 41 
TN-EMSfs) 61 40 38 
EMS-TNIB) 51 46 34 
EMS-TN(S) 30 36 44 
Means-
EMS 33 33 33 
EMS-EMS 51 52 44 
TN 25 25 21 
TN-TN 48 29 22 
EMS-TN 40 41 39 
TN-EMS 62 50 39 
Selected 38 34 37 
Unselected 43 39 28 
(Johnson et al.> 1955). This statistic which is calculated 
according to the following: 
Expected genetic 
advance = k x C.Vg x)/lï 
takes into account the proportion of the population selected 
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(k expressed in standard units), the relative variability in 
the population (C.V ) and the heritability (H) of the trait, g* 
Herein, the k value used was 2.05 which is equivalent to 
selecting five percent of the population and this formula 
expresses the advances irn percents of the population means 
(Table 20). In general, the expected genetic advance from 
selection was higher in the EMS-derived populations than in 
those derived from TN treatment. For plant height and weight 
per 100 seeds, the mean expected genetic advance in the EMS-
EMS populations was more than twice as great as in the TN-TN 
populations. Of significant interest was the mean expected 
genetic advance of 7.4 percent for 100-seed weight for the 
selected populations, whereas the comparable value for un-
selected populations was only 5.4 percent. This expected 
advance for 100-seed weight in the selected populations is 
in addition to the advance already achieved when I practiced 
selection among Abrams' (1962) oat lines (Table 3). The total 
genetic advance from the original populations means i.e., 
in Abrams' (1962) material that would be predicted is 5.7 
percent (actual progress from Table 3), from the first 
selection cycle plus 7.4 percent from selecting in my 
populations, or 13.1 percent for both selection cycles. 
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Table 20. Expected genetic advances (in percent of popu­
lation means) from selection for heading dates, 
plant heights, and weights per 100 seeds in 
different mutagen-derived populations 
Families and lines 
Heading Plant Weight per 
Population date height 100 seeds 
EMS(B) 10.7 5.9 5.5 
EmS(S) 1.2 2.0 6.9 
Ch-EMS(B) 13.1 6.5 6.2 
TN(B) 5.2 1.6 3.2 
TN(S) 6.9 5.1 4.2 
Ch-TN(B) 4.4 3.3 3.6 
EMS-EmS(B) 15.7 9.8 7.1 
EMS-EMS(S) 10.8 8.1 11.6 
TN-TN(B) 9.3 4.2 2.6 
TN-TN(S) 15.7 3.8 5.3 
TN-EmS(B) 19.4 10.9 8.5 
TN-EMSfs) 17.7 6.0 7.7 
EMS-TN(B) 13.5 7.4 6.7 
EMS-TN(S) 6.6 5.2 8.8 
Pooled for-
EMS 8.3 4.8 6.2 
EMS-EMS 13.2 8.9 9.3 
TN 5.5 3.3 3.7 
TN-TN 12.5 4.0 4.0 
EMS-TN 10.0 6.3 7.7 
TN-EMS 18.5 8.4 8.1 
Selected 9.8 5.0 7.4 
Unselected 11.4 6.2 5.4 
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discussion 
Because mutagen treatment of oat seeds can induce 
sterility in plants, each of my populations was grown 
in a separate greenhouse room to minimize the chances for 
inter population crossing which might contribute variability 
of hybrid origin that would confound the estimation of 
mutagen-induced variability in subsequent generations. 
Caldecott et al. (1959) and Grindeland and Frohberg (1966) 
noted a high degree of outcrossing on oat plants grown 
in the field. Krull (1960) showed that no natural crossing 
occurred among either or emasculated panicles in the 
greenhouse. 
Sterility could also have occurred on M2 plants grown 
in the field. However, the effect of Mg plant sterility 
should have been negligible upon the generation lines 
used in my experiment because (a) individual plants were 
spaced at least one foot apart in rows 3 feet apart which 
would reduce the opportunity for natural crossing, (b) the 
minimum number of seeds required for the 1966 experiment was 
75 and a highly sterile Mg plant would not have produced this 
number of seeds and thus would have been automatically dis­
carded, and (c) the effect of one or two outcross seeds on 
the mean data for a given line would be diluted nearly out of 
existence because 75 seeds were used to test each Mg line. 
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Sterility on panicles could have inflated the esti­
mate of genetic variation for seed weight by interfering with 
the natural balance between number of seeds born on a panicle 
and seed weight. Frey (1962) showed that mhen the number of 
spikelets on a panicle was reduced by cutting some off, the 
remaining seeds were heavier. Sterility would result in a 
similar effect. However, Abrams (1962) and Khadr (1964) repor­
ted that in populations of oats, intra^population correla­
tions between seed weights arid sterility percentages were 
usually zero, showing that seed weight variability was inde­
pendent of sterility. For reasons given above» I feel con­
fident that neither outcrossing in the and Mg generations 
nor Mg sterility made a significant contribution to the 
genetic variabilities for 100-seed weight found herein. 
Most of the work which has made use of different muta­
gens for treating higher plants has been concerned with quali­
tatively inherited traits and as such, the number of mutations 
that were useful for crop improvement has been low. Since a 
majority of the qualitatively inherited mutations have been 
deleterious, many geneticists and plant breeders are skeptical 
about mutation breeding. However, reports of a large number 
of workers during the last decade (Gregory, 1955, 1956; Oka 
et al., 1958; Gaul, 1958, 1961; Brock and Latter, 1961; Krull 
and Frey, 1961; Abrams and Frey, 1957; and Khadr and Frey, 
1965; etc.) have shown that mutagen-induced variability for 
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quantitatively inherited traits such as grain yield, grain 
quality, plant height, etc., has a different pattern than 
that for qualitatively inherited traits, and therefore, 
crop improvement through mutation breeding is attainable. 
Gaul (1961) has suggested that induced variability for quanti­
tatively inherited traits, which occurs as micro-mutations, 
is extensive, and a good screening technique is required for 
its detection. Such induced genetic variability occurs in 
both plus and minus directions and is manifested in small 
increments which leads to a continuous type of distribution, 
and thus, mutation breeding for quantitatively inherited 
traits requires the same precision of testing and statistical 
methods of summary as those used in conventional procedures 
of plant breeding. 
Herein, means, variances and frequency distributions 
were used to compare the efficacy of two different mutagens 
when used for a single seed treatment of oats or for two seed 
treatments, either recurrently or alternately in different 
generations. The magnitude of genetic variance in a newly 
developed population (either through conventional breeding 
methods or mutation breeding) determines how much improvement 
is possible from selection for a trait. Herein, the variances 
were significantly increased by each of the mutagen treatments. 
The increase was greater in oat populations derived from two 
mutagen treatments than in those derived from one treatment. 
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No Changes in the magnitudes of genotypic variances within 
populations are expected unless selection pressure is exerted 
within the population. Therefore, the variances for the EMS(b) 
and Ch-EMS(b) (i.e., population derived from one EMS treat­
ment by Abrams and myself, respectively) and for TN(b) and 
Ch-TN(b) should have been similar for the same trait. As 
expected the mean squares for the members of these population 
pairs were not significantly different. A sizeable amount of 
variability for 100-seed weight was still present among Mg 
lines and within Mg families in the selected populations, 
however. In fact, the 100-seed weight variances in the 
selected populations, especially that between lines in fami­
lies, was greater than comparable variances in the bulk popu­
lations. This greater genetic variability in the selected 
EMS- or TN-derived populations probably resulted from residual 
heterozygosity and segregation. M^-derived lines propagated 
as bulk progenies for several generations would contain a 
considerable intra-line variability. 
The induced variabilities for heading date and plant 
height were nearly unidirectional from the check. In general, 
the means of the mutagen-derived populations were later and 
shorter than the check. The shifts in skewness were positive 
and significant for heading date, whereas significant skewness 
values for plant height were few. The nearly equal numbers 
of negative and positive significant skewness values for 
weight per 100 seeds showed that mutations for this trait 
occurred in both plus and minus directions. 
It is difficult to find reasonable causes for the 
occurrence of variation in only one direction. This phenom­
enon could have arisen if (a) EMS and TN were mutagenic for 
certain loci in which the alleles could mutate only in one 
direction, (b) mutations to lateness and shortness represented 
simple changes in the genetic code of Clintland 60, whereas 
mutations in the opposite direction represented complex genie 
alterations, and simple changes would occur more frequently 
than complex ones, and/or (c) the genetic code of this geno­
type might have already reached a ceiling for tallness and 
earliness, so that all mutations would be towards shortness 
and lateness alleles. Abrams and Frey (1964) reported similar 
results from TN and EMS treatment of Clintland 60 oat variety, 
and Sakai and Suzuki (1964) found the same from x-ray treat­
ment of rice. 
MacKey (1954) suggested that much of the variability 
induced in hexaploid oats by irradiation is due to gross 
chromosome aberrations of the deletion and/or duplication 
types. Abrams and Frey (1964) reported that variability in­
duced in hexaploid oats from EMS was probably largely due to 
genie alterations. The greater efficiency in inducing varia­
bility for quantitatively inherited traits by alternate-muta-
gen treatment than by recurrent-mutagen treatment suggests 
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that EMS and TN cause mutations at different sites, at least 
to a certain extent. Perhaps, the alternate-treatment system 
produces a combination of genie and chromosomal mutations, 
whereas EMS produces primarily genie mutations and recurrent 
TN produces primarily chromosomal mutations. Recurrent treat­
ment would lead to mutation duplication in the second treat­
ment whereas alternate treatment would not. This would re­
semble mutagen specificity at mutation sites. 
It has been shown (MacKey, 195*; Gregory, 1956; Caul, 
1961; Krull and Frey, 1961; and Khadr and Frey, 1965) that 
variability induced by mutagens is equally as heritable as 
the variability generated through hybridization. The magni­
tude of genetic progress from selection depends upon the 
amount of genetic variability in the population and the 
heritability of the trait concerned. Therefore, the large 
genetic variability and greater heritability in populations 
derived from recurrent- or alternate-mutagen treatments 
would make these populations especially useful for selection. 
This study substantiated results of many other workers 
who have concluded that physical or chemical mutagens should 
be useful in plant improvement for quantitative characters. 
Although alternate mutagen treatments did not produce a 
greater magnitude of variability than did recurrent EMS treat­
ment for plant height and 100-seed weight, more extreme mutant 
lines for heading date were found in the TN-EMS population. 
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Certainly, the possibility of using interacting mutagens 
should not be overlooked. It may be possible to arrange 
treatments to increase the probability of obtaining certain 
mutational sequences which are of interest to a plant breeder. 
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SUMMARY . _ 
Lots of random and selected oat seeds from EMS- and TN-
derived populations (which originated from variety Clintland 
60) were used to initiate a second cycle of mutagenesis with 
EMS and TN being applied recurrently or alternately. Lines 
derived from the checks and new mutagen treatments were grown 
in a replicated experiment in 1966 and measured for three 
quantitatively inherited traits, heading date, plant height 
and weight per 100 seeds. 
The new populations generated from recurrent or alternate 
mutagen treatment showed expanded variability over the original 
check and over populations derived from one treatment. Vari­
abilities for seed weight and plant height were expanded more 
than that for heading date. The heading date means were 
shifted towards lateness, and plant height means towards 
shortness by all mutagen treatments. The mean seed weight was 
changed in both directions but more towards heavier seeds. 
The variances produced by the two treatments in recurrent 
or alternating systems tended to be additive for heading date 
and plant height but not for 100-seed weight. EMS was more 
potent than TN for inducing variability whether used once or 
twice. The order in which TN and EMS were used in the alter­
nate treatment system may have had some effect on the total 
variability induced. When EMS was used for the last treatment 
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greater variances were obtained. The recurrent EMS and alter­
nate treatment systems produced the greatest absolute amount 
of variability for each trait. 
Using selected lines for recurrent EMS or alternate 
mutagen treatment seems to offer better opportunity for selec­
tion in the desired direction. Two cycles of EMS or TN or 
their alternate use did not lead to a point of saturation of 
mutations in this study. 
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